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Abstract The management of insufficiency fractures of
the tibial plateau in osteoporotic patients can be very
challenging, since it is difficult to achieve a stable fixation,
an essential condition for the patients’ early mobilization.
We present a minimally invasive technique for the treat-
ment of proximal tibial plateau fractures, ‘‘tibiaplasty’’,
using percutaneous polymethylmethacrylate augmentation.
Five osteoporotic patients (7 fractures) with a non-trau-
matic insufficiency tibial plateau fracture were treated with
this technique at the authors’ institution from 2006 to 2008.
The patients’ median age was 79 (range 62–88) years. The
intervention was performed percutaneously under general
or spinal anesthesia; after the intervention, immediate full
weight bearing was allowed. The technique was feasible in
all patients and no complications related to the intervention
were observed. All patients reported a relevant reduction in
pain, were able to mobilize with full weight bearing and
would undergo the operation again. No secondary loss of
reduction or progression of arthrosis was observed in
radiological controls; no revision surgery was required.
Our initial results indicate that tibiaplasty is a good treat-
ment option for the management of insufficiency in tibial
plateau fractures in osteoporotic patients. The technique is
minimally invasive, safe and allows immediate mobiliza-
tion without restrictions. In our group of patients, we found
excellent early to mid-term results.
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Introduction
In young patients, fractures of the tibial plateau are serious,
high energy, intra-articular injuries. In osteoporotic
patients, on the other hand, these lesions are low energy
fractures developing after normal loading. Since the sub-
chondral bone is often sclerotic, articular involvement in
insufficiency fractures of the tibial plateau is rare, as the
region of lowest resistance is the metaphyseal area. Non-
traumatic knee pain is very common in such patients and
therefore insufficiency fractures are often not diagnosed.
Radiographic imaging of such lesions includes anteropos-
terior and lateral views. A bone scan may also prove to be
very useful in the diagnosis of insufficiency fractures in
older patients [6, 15]. In case of doubt about fracture
classification and/or a trauma mechanism, an MRI or a CT
scan of the knee can rule out involvement of the articular
surface.
Treatment of osteoporotic tibial plateau fractures is well
known to be linked with problems related to internal fix-
ation stability due to diminished bone strength [4]. Casting,
simple traction by ligamentotaxis, or external and internal
fixation are some of the proposed treatment options. Nev-
ertheless, all these techniques are linked with serious
complications [23]. Vertebroplasty or kyphoplasty have
been established as minimally invasive techniques for the
treatment of vertebral osteoporotic fractures, with excellent
results, leading to immediate and lasting pain relief in the
vast majority of patients [10]. Adaptation of these
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techniques for other regions, for example the proximal
tibia, has not yet been reported.
The purpose of the present study was to investigate
whether a ‘‘minimally invasive method’’ could offer
appropriate stabilization and reduction for the treatment of
osteoporotic fractures without endangering the soft tissue
elements.
Materials and methods
Between 2006 and 2008, 5 patients with 7 non-traumatic
fractures of the tibial plateau were treated at our unit with
the minimally invasive technique presented here. The study
group consisted of 1 male and 4 female patients, with a
median age of 79 (range 62–88) years. The median follow-
up was 3 (range 1–4) years. All patients had an episode of
at least 4 weeks of persistent knee pain before presentation.
Patients were not suited for conservative treatment for
different reasons: 2 patients presented with bilateral
insufficiency fractures, 2 patients had severe back problems
that made mobilization with crutches impossible, and the
fifth patient had an insufficiency fracture of the talar neck
of the contralateral extremity. For all patients, anteropos-
terior, lateral digitalized radiographs and knee CT or MRI-
scans were performed. Comminutuion of the articular
surface was an exclusion criterion. Varus, respectively
valgus, deformity of the articular surface was measured
electronically pre-, 2- and 12-month post-operatively at an
accuracy of 0.1 as provided by the system (PACS, Philips
Electronics, Amsterdam, NL). All patients signed an
informed consent form and were aware that we might have
to change to an open procedure in the event of technical
difficulties.
The operations were performed under general (3/5) or
spinal anesthesia (2/5) by an orthopedic surgeon with
experience in cement augmentation of the spine. Patients
were in the supine position on a radiolucent operating
table. After disinfection and sterile draping, a single shot
dose of prophylactic antibiotics (Zinacef 1.5 g, intrave-
nous) was administered. After a 3- to 4-mm stab incision
under radiological control (Siremobil, Siemens Medical
Solutions, Zu¨rich, Switzerland), two 2-mm K-wires were
advanced from a anterolateral and a anteromedial entry
point approximately 5–7 cm distal of the joint line toward
the tibial plateau, taking every care not to penetrate the
subchondral bone. The K-wire from the anteromedial
entry point was aimed toward the dorsolateral part of the
medial plateau or toward the anteromedial part for the
second wire (Fig. 1a). In the single patient with a lateral
depression fracture, the procedure was performed in the
same manner, but as the mirror image. After biplanar
confirmation of correct placement, the guidewires were
replaced by 8 Gauge filling cannulas designed for
Fig. 1 a Insertion of 2-mm
K-wires, b replacement by
side-opening 8G filling cannula,
c lateral view after first injection
of PMMA, d final image,
cementation is limited by
extravasation into to the
medullary canal
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vertebroplasty. We selected side-opening cannulas (Ver-
tecem Kit, Synthes GmbH, Switzerland), as these have
closed, rounded distal ends and can be better controlled
for the flow of cement through the small side-opening
[11]. Under valgus stress and with gentle hammer blows
on the filling cannula, partial reduction of the impacted
medial plateau was attempted. Greatest care is necessary
to ensure that subchondral bone is not penetrated
(Fig. 1b). The cannula was then retracted about 3–5 mm
and high viscous polymethylmethacrylate cement (Verte-
cem, Synthes Inc., Switzerland) was injected under con-
stant fluoroscopic control. At first, only a minimal amount
of polymethylmethacrylate (about 0.5 cc for each needle)
was injected and allowed to cure at body temperature for
30 s, to minimize the risk of possible extravasations. To
achieve controlled local cement distribution, both cannu-
las were slowly rotated 360 during injection of approx-
imately another 1–2 cc of polymethylmethacrylate each,
and the needles were further retracted until the openings
were at the height of the fracture. At this point, another
2–4 cc cement (2 cc per needle), was injected with 360
rotation. Finally, the procedure was repeated 1 cm distal
of the fracture (Fig. 1c, d). We aimed to inject a total of
10–14 cc of cement. In some patients, this was not pos-
sible, due to the presence of cement too close to the joint
line or due to extravasations into the tibial medullar canal.
After complete curing of the polymethylmethacrylate, the
needles were retrieved and the incision was closed by a
single stitch.
Post-operative care consisted of immediate full weight
bearing, initially with the use of crutches. No limitations
were applied to the range of motion and patients were
allowed to leave hospital the day after the intervention.
Results
The technique was feasible in all patients and no intraoper-
ative complications were observed. The median operation
time was 30 (range 30–45) min. There were no infections or
wound-healing problems in this series; one patient devel-
oped palpable ossification at the anteromedial entry point
that was not symptomatic. All patients could be mobilized on
the first post-operative day with the help of crutches. The
range of motion was the same as of that on the pre-operative
day and was symmetric to the contralateral side (where
applicable). The median hospital stay was 2 (range 1–3) days
(excluding one patient who underwent a major spinal inter-
vention during the same hospitalization of 12 days). All
patients reported a significant decrease in pain immediately
after the operation were satisfied or very satisfied with the
result after 2 months and would undergo the surgery again.
In the follow-up over a minimal 12 month period, no
secondary loss of reduction or progression of the deformity
was seen. Moreover, no signs of accelerated arthrosis
(osteophytes, joint space narrowing, sclerosis) were
observed over a period of 12 months. Cement extravasa-
tion was detected in three patients: in one patient into the
soft tissues over the medial cortex and in the other two into
the medullary canal (Fig. 2a, b). None of these extravasates
was symptomatic. We were able to inject a mean total of
9.9 cc (±2.1) of cement.
Discussion
The most important finding of the present study was that
tibiaplasty achieved acceptable and stable fracture
Fig. 2 Anteroposterior (a) and
lateral (b) radiograph 6 months
after tibiaplasty. The
extravasation into the medullary
canal stayed in place over time
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reduction in the treatment of depression-type fractures of
the tibial plateau, allowing immediate post-operative
mobilization and full weight bearing without secondary
loss of reduction. There were no serious complications.
Conservative treatment for tibia plateau fractures has
been described in the literature, employing ligamentotaxis
[16, 17]. The use of a cast offers immediate ambulation and
a shorter hospital stay but is not capable of providing either
the range of motion or the necessary stability to prevent
deformity, axial collapse and post-immobilization stiffness
[7, 8]. Furthermore, older patients, such as those in this
study, are often incapable of performing partial weight
bearing due to their comorbidities. Internal fixation of such
fractures may offer several advantages [19], but, even with
minimally invasive techniques, the skin or soft tissue
necrosis caused by surgical manipulations on the soft tissue
envelope—already sensitive and swollen—together with
the possibility of infection may compromise the final result
[18]. Additionally, the poor bone quality in osteoporotic
patients necessitates the use of a bone cement to enhance
fixation stability while performing osteosynthesis [2, 12–
14, 21, 22].
In this series, polymethylmethacrylate (PMMA) was
used as it provides greater and more immediate mechanical
strength than calcium phosphate cement and that it allows
immediate and full weight bearing, which is mandatory for
the fast mobilization of this patient group. As possible heat
damage to the adjacent articular cartilage from the exo-
thermic reaction of the curing PMMA was a concern, a
safety margin of a few millimeters to the joint line was
always maintained. Fortunately, there is a very steep tem-
perature gradient, so that no heat damage to the articular
cartilage would be expected even only a few millimeters
beyond the cement and additionally the circulating syno-
vial fluid is leading off the generated heat [1, 3, 5, 9, 20].
Of course, this technique is not recommended for young
patients with high demands on their cartilage.
One limitation of this study could be considered to be
the number of patients included in our study group. This
limited number does not permit proper statistical analysis,
so that no reliable conclusions can be drawn. A second
limitation may be the lack of a direct comparison control
group with early open reduction and internal fixation. This
report may serve as the basis for a prospective, randomized
clinical trial, although one must consider that, at least in
our institution, these injuries are rarely presented and that
partial weight bearing when possible is a valid alternative
to surgery. In future, however, bearing the increasing aging
population with osteoporosis in mind, an increase in such
injuries is imaginable and a minimally invasive and rela-
tively cheap method to maintain independence and
mobility of these patients can prove to be beneficial for
health care systems.
Conclusion
Closed reduction and PMMA augmentation as a definitive
treatment for insufficiency fractures of the tibial plateau
proved to be beneficial in selected old osteoporotic
patients. The technique is feasible, shows a low compli-
cation rate and could even be performed under local
anesthesia. It provided the possibility of proper osseous
stabilization, without compromising the soft tissue enve-
lope or the early mobilization of the patients.
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